Polymeric foams have been widely utilized in packaging and transportation applications due to their light weight but superior energy absorption capabilities. Here the superior energy absorption is usually recognized when the foams are subjected to compression. The polymeric foams possess load-bearing capability under large deformation in compression; whereas, such a load-bearing capability may be lost when the foams are subjected to tensile loading [1]. Dynamic compressive response of foam materials has been extensively characterized, mostly with Kolsky compression bar techniques. However, dynamic tensile characterization of foam materials has been less touched due to the difficulties in dynamic tension techniques. In this study, we employed a 0.26×10 3 kg/m 3 PMDI foam as an example to explore the dynamic tensile characterization of foam materials with our newly developed Kolsky tension bar [2, 3].
The Kolsky tension bar developed at Sandia National Laboratories, California has been presented at 2010 SEM Annual Conference [2] . This Kolsky tension bar has been utilized to characterize alloys, e.g., 4330-V steel [3] . However, the techniques used for the alloys may not be directly transferred to polymeric foams due to drastic difference in mechanical characteristics between alloys and polymeric foams. Characterization of foam materials always challenges experimental techniques even in dynamic compression tests. Dynamic tensile characterization of foam materials is much more challenging. For example, the foam tensile specimen needs to be sufficiently big. The large diameter requires a Kolsky bar system with a larger diameter, while a longer gage section may not satisfy the uniform deformation requirement in Kolsky bar experiments. Therefore, the specimen dimension needs to be carefully determined. Unlike the button specimen sandwiched between the bars in Kolsky compression bar tests, the foam tensile specimen needs to be firmly attached to the ends of both bars. Stress concentration is another concern in foam tensile characterization. Both require additional attention in specimen design. In this study, we designed the foam specimen shown in Fig. 1 for Kolsky tension bar experiments. It is noted that the diameter for the threads portion of the foam specimen is 25.4 mm, which is larger than the bar diameter of 19.1 mm. We employed a pair of couplers to attach the foam specimen to the bar ends, the photograph of which is shown in Fig. 2 . As shown in Fig. 1 , the foam tensile specimen has a gage length of 6.35 mm. This gage length was determined based on the preliminary tests. In preliminary experiments, we applied digital image correlation (DIC) techniques on a 9.53-mm-long foam specimen to estimate the elastic wave speed and to monitor the uniformity of deformation in the foam specimen. DIC analysis yields the elastic wave speed of approximately 525 m/s in the foam specimen. This elastic wave speed is important to synchronize stress and strain histories in data reduction. Figure 3 shows the deformation history of the 9.53-mm-long foam specimen obtained from DIC analysis. The DIC results show that the 9.53-mm-long foam specimen did not achieve uniform deformation until t = 46.2 µs. After 46.2 µs, the specimen is nearly under uniform deformation until macroscopic crack initiation at t = 79.2 µs. To be conservative, we reduced the specimen gage length from 9.53 mm to 6.35 mm, which enables earlier uniform deformation (or stress equilibrium). It is noted that the classic "2-wave" "1-wave" method may not be applicable to verify stress equilibrium in the foam experiment due to the weak transmitted signal and unreliable reflected pulse. The DIC analysis presented here becomes an effective alternative method to monitor the process of deformation uniformity in the foam specimen. Since the reflected pulse may not be reliable for accurate calculation of specimen strain [1], we employed a laser-beam system, as shown in Fig. 2 , to directly measure the incident bar end displacement. The specimen strain can be calculated with the following equation,
where ΔL is the laser beam output; ε T is transmitted signal; C 0 is the steel bar elastic wave speed; L s is the specimen gage length, L s = 6.35 mm; c' is correction coefficient. As shown in Fig. 1 , the foam specimen has a dumbbell shape consisting of a gage section and a transition (non-gage section) from threads to the gage section. When the specimen is subjected to tension, both gage and non-gage sections are elongated. The term, However, the displacement of the non-gage section should not be accounted for the strain calculation of the specimen. Here, the coefficient, c', is used to correct this effect. If we assume the foam specimen is always in linear elasticity and in stress equilibrium, the coefficient c' was approximated as a constant, c'=0.4, for the foam
